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(54) Cross-connect device for optical networks 

(57) A cross^connect device tor networks is con- 
nected to working transmission lines and reserve trans- 
mission lines, and is used to switch signals from the 
input transmission lines to the output transmission lines. 
The CToss-connect device consists of a routing compo- 
nent and bypass component The routing component is 
connected to the working transmission lines and is used 
to switch the signals from the input working transmis- 
sion lines and second links to the output working trans- 
mission lines and first links. The bypass component is 
connected to the reserve transmission lines and is used 
to switch the signals from the input reserve transmission 
lines and first links to the output reserve transmission 
lines and second links. 



An optical aoss-connect device for optical net- 
works is connected to reserve optical transmission lines 
and working optical transmission lines, and is used to 
switch wavelength multiplexed optical signals. The opti- 
cal cross-connect device comprises: a bypass compo- 
nent that is connected to the reserve optical 
transmission lines and that includes an optical-space 
switch; a routing component that is connected to the 
working optical transmission lines and includes an opti- 
cal-space switch; and connection links that connect the 
bypass component and routing component. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Reld of the Invention s 

The present invention relates to a cross-connect 
device for a network such as an optical network. 

2. Description of the Related Art io 

Transmitting systems allowing large amounts of 
data to be rapidly transmitted from one node to another 
node have been developed In the past. Wavelength mul- 
tiplexing is carried out in such transmitting systems in 75 
order to make transmission systems more economical. 
Wavelength multiplexing involves the nxxlulation of mul- 
tiple signals by converting the wavelength for each indi- 
vidual band in the form of a carrier, and their 
subsequent synthesis for transmission in a single trans- so 
mission line. However, as multiplexed signals are 
increased, the effects of link failure, such as when link 
failure occurs in the transmission line, are greater than 
in an ordinary transmission line. In such cases, there is 
a need for a cross-connect function allowing the wave- 2S 
length multiplexed signal patiis to be rapidly switched so 
to ensure that they are detoured. Devices having a 
cross-connect function in connecting one node with 
another are thus refen-ed to as cross-connect devices. 
Cross-connect devices employed in optical transmis- 30 
sion systems using an optical technique are referred to 
as optical cross-connect devices. 

Optical aoss-connect devices allow patiis to be 
switched for each wavelength of wavelength multiplexed 
signals. Path rerouting using reserve optical transmis- 35 
sion lines needs to be efficiently carried out in order to 
economize transmission in optical cross-connect 
devices. 

Figure 26 is an illustration of an optical network 
involving tiie application of an optical technique. 40 

151 is an optical cross-connect device (OXC), 152 
is a wavelength multiplex optical transmission line. 153 
is an electrical cross-connect device (EXC). 154 is a 
switching system (SW). and 155 is an electrical signal 
or optical signal transmission line. The wavelength mut- 4S 
tiplex optical transmission line 152 comprises a working 
optical transmission line and a reserve optical transmis- 
sion line. 

The optical cross-connect device 151 splits the 
wavelength multiplexed optical signals among the wave- so 
length multiplex optical transmission line 152 into wave- 
lengths XI. X2. X3. . . . and selects a predetermined 
outgoing line for the output of each wavelength. 

In this case, tiie optical network can be divided into 
a WP (wavelength path) network in which tfie wave- 55 
length is not converted and a VWP (virtual wavelength 
path) network in which tiie wavelength is converted as 
needed. In these optical networks, signals including sig- 
nals passing through ttie lectrical cross-connect 



device 153 undergo wavelength multiplexing. Optical 
signals which doroppes to the node are split to the elec- 
trical cross-connect device 153 side. The electrical 
aoss-connect device 1 53 and the switching system 1 54 
execute switching in VP (virtual path) and VC (virtual 
channel) units. 

Figure 27 illustrates the relationship between a con- 
ventional optical aoss-connect device and electrical 
aoss-connect device. The symbol k1 indicates multiple 
working optical transmission lines. The working optical 
taBnsmission lines k1 transmit wavelengtii multiplexed 
optical signals obtained from multiplexing of wave- 
lengths XI to Xn. The symbol k2 indicates multiple 
resen^e optical transmission lines. The reserve optical 
transmission lines k2 transmit wavelength multiplexed 
optical signals obtained from multiplexing of wave- 
lengths XI to Xm. The symbol k3 Indicates multiple 
interface links. The interface links kS transmit wave- 
length multiplexed optical signals obtained from multi- 
plexing of wavelengths XI to Xi between ttie optical 
aoss-connect device (OXC) 151 and the electrical 
aoss-connect device (EXC) 153. The optical cross-corv 
nect device (OXC) 151 is connected to the working opti- 
cal transmission lines k1, ttie reserve optical 
transmission lines k2. and the interface links k3. 

Rgure 28 illustrates a conventional optical cross- 
connect device in a VWP network. 

161 indicates optical couplers that split wavelength 
multiplexed signals. 162 indicates multiple optical filters 
that change the wavelength of the optical passing 
tiirough. The wavelengtii multiplexed optical signals are 
separated by the optical couplers 161 and optical filters 
162. 163 indicates optical-space switoh. 164 indicates 
wavelength converters in which the wavelengtii of input 
optical signals is converted to a desired wavelength. 
165 indicates optical couplers which combine optical 
signals passing through the wavelengtii converters 1 64. 
The optical cross-connect device in the VWP network 
consists of optical couplers 161. optical filters 162, a 
optical-space switch 163. wavelengtii converters 164. 
and optical couplers 165. The optical aoss-connect 
device in a WP network is a structure in which wave- 
lengtii converters 164 are deleted. 

The wavelength multiplexed optical signals are split 
to a number of paths by the optical couplers 1 61 accord- 
ing to the degree of multiplexing. The split wavelengtii 
multiplexed optical signals pass through individual opti- 
cal filters 162 and are thus filtered in the form of signals 
according to wavelengtiis XI to Xn. XI to Xm. and XI 
through Xi. The separated wavelengtii signals are input 
to the optical-space switch 163. 

The optical-space switch 163 is composed, for 
example, of a combination of several 2x2 optical 
switches. In the optical-space switoh 163, each switoh 
element is controlled by a control component not shown 
in the figure. For example, ttie optical-space switoh 163 
forms paths indicated by ttie broken lines. In the VWP 
network, when the wavelengttis of the wavelength mul- 
tiplexed optical signals on Itie input and butj3ut ports of 
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th optical-space switch 163 are differ nt, the wave- 
length converters 164 convert them to the output side 
wavelength, arxi the wavelength nuiltiplexed optical sig- 
nals are then transmitted to the wavelength muttiptexing 
optical couplers 165. 5 

When link failure occurs in the optical transmission 
lines, the optical cross-connect device 151 reroute the 
tailed link to a normal link. In this case, the topical aoss- 
connect device 151 transmits wavelength nuiltiplexed 
optical signals using the empty parts of the reserve opti- io 
cal transmission lines k2. The rerouting allows the 
wavelength multiplexed optical signals to be transmitted 
continuously between the nodes of the optical network, 
thereby enhancing the reliability of the optical network. 

For example, in Figure 28. when link failure occurs is 
in the output working optical transmission lines k1. the 
optical-space switch 163 is controlled to reroute the 
optical signals to a nomial link. That is. wavelength mul- 
tiplexed optical signals from the input working optica! 
transmission lines k1 and input interface links k3 are 20 
transmitted to the output reserve optical transmission 
lines k2. 

In this case, the rerouting to the reserve optical 
transmission lines k2 must be accomplished without 
blocking. Large numbers of expensive optical-space 2s 
switches 163 are needed, however, to accomplish non- 
blocking switch in conventional structure. Conventional 
techniques thus suffer from economical problems. 

SUMMARY OF THE INVENTION 30 

An object of the present invention is to provide an 
economical cross-connect device which can provide 
efficient path rerouting and reduce the number of 
expensive optical-space switches. 3s 

A cross-connect dence, which is connected to 
working transmission lines and reserve transmission 
lines, and which is used to switch signals from the input 
transmission lines to the output transmission lines, com- 
prising: 40 

a bypass conrponent. which is connected to the 
reserve transmission lines and is used to switch the 
signals from the input reserve transmission lines 
and first links to the output reserve transmission 45 
lines and second links; and 
a routing component which is connected to the 
working transmission lines and is used to switch the 
signals from the input working transmission lines 
and the second links to the output working trans- so 
mission lines and the first links. 

An optical cross-connect device, which Is con- 
nected to reserve optical transmission lines and working 
optical transmission lines, and which Is used to switch 55 
wavelength multiplexed optical signals, comprising: 

a bypass connponent. which is connected to the 
reserve optical transmission lines and includes at 



least a optical-space switch; 
a routing conrponent. which is connected to the 
working optical transmission lines and includes at 
least an optical-space ^vitch; and 
connection links that are connected between the 
bypass conrponent and the routing conrponent 

An optical aoss-connect device, wherein 
said routing conrponent is connected to ttie work- 
ing optical transmission line, and the connection links, 
and is used to route signals contained in the wavelength 
multiplexed optical signals. 

An optical aoss-connect device, wherein 
said routing conrponent conprises: 

optica! couplers for splitting Ihe wavelength multi- 
plexed optical signals; 

optica! filters for selecting a preassigned signal 
from the couplers output signals; 
an optical-space switch, which switches output 
ports for output signals from the optical f aters ; 
wavelength converters for converting the wave- 
length of output signals from the optical-space 
switch; and 

optical couplers in which the output signals from the 
wavelength converters are multiplexed to produce 
tiie wavelength multiplexed optical signals. 

An optical cross-connect device, wherein 
said bypass conrponent is connected between 
tiie input and output ports of the reserve optical trans- 
mission lines; and 

said connection links are such that the output 
port of the bypass component is connected to the input 
port of the routing conponent. and the output port of the 
routing conrponent is connected to the input port of the 
bypass conponent. 

An optical aoss-connect device, wherein 
said bypass conrponent comprises: 

first optical couplers for spfrtting wavelength multi- 
plexed optical signals; 

optical filters for selecting a preassigned signal 
from the output signals; 

an optical-space switch for routing output signals 
from the optical filters; and 
optical couplers for producing the wavelength multi- 
plexed signals from the output optical signals from 
tiie optical-space switch. 

wherein tiie bypass componait is connected 
between the input and output port of the reserve optical 
transmission lines, and the connection links are such 
that the output port of the bypass component is con- 
nected to the input port of the routing component and 
the output port of the routing conrponent is connected to 
tiie input port of the bypass component. 
An optical aoss-connect device, wher in 
said bypass component confiprises: 
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first optical couplers for splitting wavelength multi- 
plexed optical signals; 

optical filters for selecting a preassigned signal 
from the output signals: 

an optical-space switch for routing output signals s 
from the optical filters; 

wavelength converters for converting the wave- 
length of output signals from the optical-space 
switch; and 

second optical couplers for producing the wave- 10 
length multiplexed optical signals by multiplexing 
the output optical signals from tiie wavelength con- 
verters, 

wherein the bypass component is connected 15 
between the Input and output ports of the reserve opti- 
cal transmission lines, and the connection links are 
such that the output port of the bypass component is 
connected to the input port of the routing conponent 
and the output port of the routing component is con- 20 
nected to the input port of the bypass component 
An optical cross-connect device, wherein 
said bypass component comprises: 

a first optical-space switch connected to the 25 
reserve optical transmission lines on tiie input port; 
a second optical-space switch connected to the 
reserve optical transmission lines on the output 
port; 

bypass links connected between the output port of 30 
the first optical-space switch and the input port of 
the second optical-space switch; and 
connection links, which are connected between the 
output port of the first optical-space switch and the 
input port of the routing component, and between 3s 
the input port of the second optical-space switch 
and the output port of the routing component. 

An optical cross-connect device, wherein 
said bypass component comprises: 40 

first optical couplers for splitting wavelength multi- 
plexed optical signals; 

first optical filters for selecting a preassigned signal 
from the output signals; 45 
a first optical-space switch to which optical signals 
separated by the first optical filters are input; 
second optical couplers for combining the output 
signals from the first optical-space switch for trans- 
mission to the bypass links and connection links; so 
third optical couplers for splitting the wavelength 
multiplexed optical signals that have been input 
through tiie bypass links and the wavelength multi- 
plexed optical signals that have been input through 
the connection links; 55 
second optical filters for selecting a preassigned 
signal from tiie coupler output signals; 
a second optical-spac switch to which optical sig- 
nals separated by th second optical filters ar 
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input; and 

fourth optical couplers for combining the output 
optical signals from the second optical-space 
switch for transmission to the reserve optical trans- 
mission lines. 

An optical aoss-connect device, wherein 
said bypass component comprises: 

wavelength converters connected to the output side 
of the first optical-space switch; and 
wavelength converters connected to the output port 
of the second optical-space switch. 

An optical cross-connect device, wherein 
said routing component is connected, on the 
input port, with working optical transmission lines and 
tiie connection links to the bypass component and 
comprises: 

first optical couplers for splitting input wavelengtii 
multiplexed optical signals; 
optical filters for selecting a preassigned signal 
from tiie coupler output signals; 
a optical-space switch for switching output ports for 
the output signals from the first optical filters 
accofding to the wavelength; 
wavelength converters for converting the wave- 
lengths of output optical signals from tiie optical- 
space switch; and 

second optical couplers for multiplexing tiie output 
optical signals from the wavelength converters to 
produce the wavelength multiplexed optical signals; 
and 

saki bypass component comprises: 

a first optical-space switch connected to the 
reserve optical ti'ansmission lines on the input port; 
a second optical-space switch connected to the 
reserve optical transmission lines on the output 
port; 

bypass links connected between the output port of 
tiie first optical-space switch and the input port of 
the second optical-space switch; and 
connection links, which are connected between the 
output port of the first optical-space switch and the 
input port of tiie routing component and between 
tiie input port of the second optical-space switch 
and the output port of the routing conponent 

In the present invention, the numt)er of first and 
second links or connection links k4 can be lower than 
the number of working transmission lines or working 
optical transmission lines k1. As such, it is possible to 
construct a cross-connect device or optical cross-con- 
nect device wrtii a fewer number of parts than in conven- 
tional technk^ues by separating the routing conponent 
and bypass conponent structures, thus allowirig the 
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inventi n to be more economical. 

The number of parts can be made even smaller 
than in conventional techniques by constructing the 
bypass component with at least first and second optical- 
space switches, allowing link faitur in the working opti- 
cal transmission lines k1 to be resolved. 

Other objects and advantages of the present inven- 
tion will become apparent during the following discus- 
sion in conjunction with the accompanying drawings, in 
which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an illustration of a first preferred embodi- 
ment of the present invention; 
Fig. 2 is an illustration of the path rerouting method; 
Fig. 3 is an illustration of the routing component; 
Fig. 4 is an illustration of a bypass conponent suit- 
able for the Type A path rerouting method; 
Fig. 5 is an illustration of a bypass conponent suit- 
able for the Type B path rerouting method; 
Fig. 6 is an illustration of a bypass conrponent suit- 
able for the Type C path rerouting method: 
Fig. 7 is an illustration of a routing component when 
link failure occurs in the working optical transmis- 
sion lines of the first preferred embodiment; 
Fig. 8 is an illustration of a Type A bypass conrpo- 
nent; 

Fig. 9 is an illustration of a Type B bypass compo- 
nent; 

Fig. 10 is an illustration of a Type C bypass conrpo- 
nent; 

Fig. 11 is a comparison of the structures of the first 
preferred embodiment; 

Fig. 12 is an illustration of a second preferred 
embodiment of the present invention; 
Fig. 13 is an illustration of a bath rerouting metfiod; 
Fig. 14 is an illustration of a routing conponent for 
a WP network; 

Fig. 15 is an illustration of a routing conponent for 
a VWP network; 

Fig. 16 is an illustration of a Type A bypass conpo- 
nent; 

Fig. 17 is an illustration of a Type B bypass conpo- 
nent; 

Fig. 18 is an illustration of a Type C bypass compo- 
nent; 

Fig. 1 9 is an illustration of path rerouting with a rout- 
ing component in a WP network; 
Fig. 20 is an illustration of path rerouting with a rout- 
ing component in a VWP network; 
Fig. 21 is an illustration of path rerouting with a Type 
A bypass component; 

Fig. 22 is an illustration of path rerouting with a Type 
B bypass conponent; 

Fig. 23 is an illustration of path rerouting with a Type 
C bypass component; 

Fig. 24 is a comparison of the structures of the sec- 
ond preferred embodiment: 



Rg. 25 is a conrparison of the structures of th sec- 
ond prefen-ed embodiment; 
Fig. 26 is an illustration of an optical network. 
Rg. 27 is an illustration of the relationship between 
5 a conventional optical cross<x)nnect device and an 
electrical cross-connect device; and 
Rg. 28 is an illustration of a conventional optical 
aoss-connect device. 

10 DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Preferred embodiments of the aoss-connect 
device of the present invention for networks are 
75 described below with reference to the drawings. 

Rrst Embodiment 

Rg. 1 is an illustration of a first preferred embodi- 
20 ment of the present invention. OXC is an optical cross- 
connect device. 1 is a routing conponent. 2 is a bypass 
component. 3 is an electrical cross-connect device 
(EXC). k1 are working optical transmission lines. k2 are 
reserve optical transmission lines. kS are interlace links 
25 between the optical aoss-connect device OXC and the 
electrical aoss-connect device 3. and k4 are connec- 
tion links connecting the routing conponent 1 and the 
bypass conponent 2. 

The working optical transmission lines k1 indrcate 
30 multiple optical transmission lines for transmitting wave- 
lengtii multiplexed optical signals having wavelengths 
XI through Xn. The reserve optical transmission lines k2 
indicate multiple optical transmission lines for transmit- 
ting wavelength multiplexed optical signals having 
35 wavelengtils XI tiirough Xm. The interface links k3 indi- 
cate multiple optical transmission lines for transmitting 
wavelengtii multiplexed optical signals having wave- 
lengths XI through Xi. The connection links k4 indicate 
multiple optical transmission lines for transmitting wave- 
40 length multiplexed optical signals having wavelengths 
XI through Xj. 

The routing conponent 1 and bypass component 2 
have optical-space switches. The routing conponent 1 
and bypass conponent 2 are alternately connected by 
45 means of the connection links k4. The electrical odss- 
oonnect device 3 is connected by a switching system 
(not shown in the figure) and executes aoss-connection 
in VP nits. The electrical cross-connect device 3 and ttie 
optical cross-connect device OXC are connected via 
so interface links k3 that transmit wavelength multiplexed 
optical signals. The electrical cross-connect device 3 is 
used to convert wavelength multiplexed optical signals, 
that have been split by the routing component 1. into 
electrical signals which are transmitted to a desired 
55 witching system. The electrical cross-connect device 3 
is used to convert signals from the switching system into 
wavelength multiplexed optical signals which are trans- 
mitted via the interface links k3 to tiie routing conpo- 
nent 1. 
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The working opticaJ transmission lines k1 are never 
subject to link failure all at the same time. As such, the 
number of reserve optical transmission lines k2 can be 
fewer than the number of working optical transmission 
lines k1. The nunrrber of reserve optical transmission 5 
lines k2 can also be the same as the number of working 
optical transmission lines k1 . The number of connection 
links k4 can also be fewer than the number of working 
optical transmission lines k1 or reserve optical transmis- 
sion lines k2. The number of interface links k3 is deter- 70 
mined by the volume of the electrical cross-connect 
device 3. 

The bypass component 2 is connected between the 
input and output ports of the reserve optical transmis- 
sion lines k2. In the routing component 1, wavelength 75 
multiplexed optical signals transmitted from the inter- 
face links k3 are routed according to wavelength. Rout- 
ing by means of wavelength separation allows the 
routing component 1 to transmit wavelength multiplexed 
optical signals through the interlace links k3 to the elec- 20 
trical cross-connect device 3. The routing component 1 
connects the input sides and output sides of the working 
optical transmission lines k1 and routes the c^cal sig- 
nals according to wavelength. 

When link failure occurs, for example, in the output 25 
working optical transmission lines k1, the routing com- 
ponent 1 switches wavelength multiplexed optical sig- 
nals, which have been transmitted to the output working 
optical transmission lines k1. and transmits them 
through the connection links k4 to the input port of the 30 
bypass component 1. The bypass conrponent 2 
switches the wavelength multiplexed optical signals, 
which have been input through the connection links k4, 
and transmits them to the reserve optical transmission 
lines k2. 55 

When link failure occurs in the input working optical 
transmission lines k1, the bypass component 2 trans- 
mits wavelength multiplexed optical signals, which have 
been transmitted from source node through the reserve 
optical transmission lines k2, through the connection 40 
links k4 to the routing component 1 . The routing compo- 
nent 1. in the same manner as the wavelength multi- 
plexed signals input through the input working optical 
transmission lines k1, routes wavelength multiplexed 
optical signals, which have been input through the con- 4S 
nection links k4. according to wavelength and transmits 
them to the output port of the working optical transmis- 
sion lines k1 , and interface links k3. 

The routing component 1 Is accordingly connected 
to the working optical transmission lines k1. interface so 
links kS, and connection links k4. The bypass compo- 
nent 2 is connected to the reserve optical transmission 
lines k2 and the connection links k4. When link failure 
occurs in tiie working optical transmission lines k1, the 
optical cross-connect switches the working optical 55 
transmission lines k1 to the reserve optical transmission 
lines k2 to transmit the wavelength multiplexed optical 
signals. In this case, an optical cross-connect device 
including the routing component 1 and the bypass com- 



ponent 2 is mor economical than conventional struc- 
tures. 

The routing component 1 and the bypass compo- 
nent 2 can each serve as the cross-connect device con- 
taining an electrical signal-based space switch. The 
symbol k1 stands for electrical signal-based working 
transmission lines at this time. The symbol k2 stands for 
electrical signal-based reserve transmission lines. The 
symbol kS stands for electrical signal-based interface 
links. The symbol k4 stands for first links by which elec- 
trical signals from the output port of the routing compo- 
nart 1 are transmitted to the input port of the bypass 
component 2. The symbol k4 stands for second links by 
whrch electrical signals from the output port of the 
bypass component 2 are transmitted to the input port of 
the routing component 1 . 

Fig. 2 is an illustration of a patii rerouting method. In 
the figure, 1 through VII indicate optical cross-connect 
devices. Fig 2(a) is an illustration of a normal state, 
while Figs. 2(b) tiirough (d) illusb-ate cases in which link 
failure has occurred in the working optical transmission 
lines between optical cross-connect devices I and IV. 

The solid paths connecting the optical cross-con- 
nect devices I through VII indicate working optical trans- 
mission lines, while the dotted lines indicate reserve 
optical transmission lines. In Fig. 2. optical signals a. b, 
and c with wavelengths of A,1 , X2. and X3 are transmit- 
ted from the optical cross-connect device I to the optical 
cross-connect devices VII, V, and VI, respectively. 

Rg. 2(a) is of a normal case in a WP network, or in 
a VWP network where no wavelengths are converted. 
Optical signal c witii a wavelength A,3, which are trans- 
mitted from the optical cross-connect device I through 
the optical cross-connect device IV to the optical cross- 
connect device VI by way of the working optical trans- 
mission line indicated by ttie solid line an-ow. Optical 
signals a and b with wavelengths X^ and X2, which are 
transmitted from the optical cross-connect device 1 
tiirough the optical cross-connect device IV to the opti- 
cal cross-connect device VII by way of the working opti- 
cal transmission lines indicated by the solid line arrow. 
Optical signal b with a wavelength of X2 is also transmit- 
ted through the optical cross-connect device VII to the 
optical aoss-connect device V by way of the working 
optical transmission lines indicated by the soiki line 
arrow. 

The present invention allows any of the path rerout- 
ing indicated in Figs. 2(b) tiirough (d). The path rerout- 
ing mettiod in Rg. 2(b) is Type A, tiiat in Fig. 2(c) is Type 
B. and that is Fig. 2(d) is Type C. These are described 
below. 

When link failure occurs between optical cross-con- 
nect devices 1 and 4, Type A shown in Rg. 2(b) makes 
use of the reserve transmission lines passing through 
the optical cross-connect device 3. That is. the optical 
aoss-connect device I controls the routing component 1 
and the bypass component 2 (se Rg. 1) and switches 
the wavelength multiplexed optical signals, which have 
been transmitted to the working optical trarismission 
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lines wher link failure has oocurred. and transmits 
them to the reserve opticaJ transmission lines. The 
bypass component 2 in the optical cross-connect device 
III (see Fig. 1) connects reserve optical transmission 
lines that are connected witii the optical cross-connect 
device I and reserve optical transmission lines that are 
connected with the optical cross-connect device IV. 
Accordingly, wavelength multiplexed optical signals a, b. 
and c with wavelengths XI. ^, and X3 are transmitted 
along the route indicated by the broken line arrow as a 
detour by way of optical cross-connect device III. 

When link failure occurs between optical aoss-con- 
nect devices I and IV. Type B shown in Rgure 2(c) 
makes use of the reserve transmission lines passing 
through the optical cross-connect device II and the 
reserve transmission lines passing through tiie optical 
cross-connect de^ce III. That is, the optical aoss-con- 
nect device I transmits optical signals a and b wrth 
wavelengths A,1 and A2 to the reserve optical transmis- 
sion lines on the optical cross-connect device III side, 
and transmits optical signal c with a wavelength Xd to 
the reserve optical transmission lines on the optical 
cross-connect device II side, so tiiat the optical cross- 
connect device III transmits optical signal a with a wave- 
length A,1 to the reserve optical transmission lines on 
the optical aoss-connect de\^ce VII side, while the opti- 
cal cross-connect device III transmits the optical signal 
b with tile wavelength X2 to tiie reserve optical transmis- 
sion lines on the optical cross-connect device V side, 
and the optical aoss-connect device II transmits the 
optical signal c with a wavelength X3 to the reserve opti- 
cal transmission lines on the optical cross-connect 
device VI side. The optical signals a, b, and c are thus 
transmitted, with no change in the wavelengttis XI, X2. 
and X3. through tfie reserve optical transmission lines to 
desired node. 

When link failure occurs between optical aoss-con- 
nect devices I and IV. Type C shown in Fig. 2(d) makes 
use of ttie reserve optical transmission lines passing 
through the optical cross-connect device II and the 
reserve optical transmission lines passing through the 
optical cross-connect device III. That is, the optical 
aoss-connect device I transmits optical signals a and b 
with wavelengths X1 and X2 to the reserve optical trans- 
mission lines on the optical cross connect device ill 
side, and transmits optical signal c with a wavelengtti X3 
to the reserve optical transmission lines on the optical 
aoss-connect device II side. At such times, when there 
Is no space for wavelength X3 on reserve optical trans- 
mission lines connected to optical aoss-connect device 
II side, the optical cross-connect device I converts opti- 
cal signal c with a wavelength X3 to a wavelengtii XI 
and transmits it to the reserve optical transmission lines 
on the optical cross-connect device II side. The optical 
aoss-connect device III transmits optical signal a with a 
wavelength XI to the resen^e optical transmission lines 
on the optical aoss-connect device VII side, and trans- 
mits the optical signal c witii the wavelength X2 to the 
reserve optical transmission lines on th optical aoss- 



connect device V side. At such times, when there is no 
space for the wavelength X2 on reserve optical trans- 
mission lines connected to the optical cross-connect 
devfee V side, th optical cross-connect device III con- 
5 verts the optical signal b with a wavelengtti X2 to wave- 
length XI and transmits it to the reserve optical 
transmission line on the optical aoss-connect device V 
side. Empty wavelengths in the reserve optical trans- 
mission lines are thus utilized in the optical cross-con- 
10 nect devices, allowing a detour to be formed. 

Rg. 3 is an illustration of a routing component 1.11 
indicates optical couplers fa splitting wavelength multi- 
plexed optical signals. 1 2 indicates optical filters for sep- 
arating wavelengtiis, 13 indicates an optical-space 
15 switch. 1 4 indicates wavelength converters, and 1 5 indi- 
cates optical couplers for wavelengtii multiplexing. 

The optical-space switch 13 is composed, for 
exanrple. of a combination of multiple 2x2 optical 
Qvitches. The optical-space switch 13 is connected to 
20 connection links k4 that transmit wavelength multi- 
plexed optical signals with wavelengths XI tiirough Xj, is 
connected to working optical transmission lines k1 that 
transmit wavelength multiplexed optical signals with 
wavelengths XI through Xn, and is connected to inter- 
ns face links k3 that transmit wavelength multiplexed opti- 
cal signals with wavelengttis XI ttirough Xi, wherein 
signals are routed according to wavelength. 

For example, when the patti indicated by ttie dotted 
line in ttie optical-space switch 13 is formed, optical sig- 
30 nal Witt! a wavelength XI in the interlace links k3 is split- 
ted by the optical couplers 11. It is ttien separated from 
optical signals with other wavelengttis by ttie optical fil- 
ters 12. They are then b-ansmitted through ttie optical 
switch to ttie wavelength converters 14 in the working 
35 optical transmission lines k1 and converted from a 
wavelength XI to a wavelength Xn. They undergo wave- 
lengtti nultiplexing by ttie optical couplers 15 and are 
transmitted in the fonn of wavelength multiplexed optical 
signals to ttie working optical transmission lines k1 . 
40 Rg. 4 is an illustration of a bypass component 2 
suitat)le for the aforementioned Type A path rerouting 
mettiod . 21 indicates optical space switch. A bypass 
component 2 suitable for a detour transmits wavelengtti 
multiplexed optical signals wrtti wavelengttis XI ttirough 
45 Xm, which have been transmitted through the reserve 
optical transmission lines k2 on the input port to ttie 
output reserve optical transmission lines k2, without 
separating them according to wavelength. 

When link failure occurs in ttie working optical 
so transmission lines, the l>ypass component 2, for exam- 
ple, connects the connection links k4 and the resen/e 
optical transmission lines k2 by ttie patti indicated by ttie 
dotted line, and transmits wavelength mult9>lexed opti- 
cal signals witti a wavelengtti XI ttirough Xj to ttie 
55 reserve optical transmission lines k2. 

Rg. 5 is an illustration of a bypass component 2 
suitable for ttie aforementioned Type B path rerouting 
method. 31 indicates optical couplers for splitting wave- 
lengtti multiplexed optical signals^ 32 indicates optical 



7 



13 



EP0 752 794 A2 



14 



fitters for separating wavelengths, 33 indicates optical- 
space switches con-esponding to wavelength, and 34 
indicates optical couplers for wavelength muttiplexing. 

Wavelength muttiplexed optical signals that have 
been transmitted through reserve optical transmission s 
lines k2 arxJ connection links k4 are first split by the opti- 
cal couplers 31 and are fiHered by the optical fitters 32 
according to the wavelength XI through Xm of the opti- 
cal signals. The output port for the filtered optical sig- 
nals is switched by the optical-space switches 33 io 
according to wavelength XI through Xm. The optical sig- 
nals with differing wavelengths X1 through Xm are then 
combined by the optical couplers 34 and are transmitted 
to the reserve optical transmission lines k2 and to the 
connection links k4. is 

Fig. 6 is an illustration of a bypass component 2 
suitable for the aforementioned Type C path rerouting 
method. 41 indicates optical couplers fa splitting wave- 
length muttiplexed optical signals. 42 indicates optical 
fitters for separating wavelengths. 43 indicates an opti- 20 
cat-space switch, 44 indicates wavelengtii converters 
for converting to the desired wavelength, and 45 indi- 
cates optical couplers for wavelength multiplexing. 

This bypass component 2 comprises optical cou- 
plers 41. optical filters 42. an optical-space switch 43. zs 
wavelength converters 44. and optical couplers 45. and 
has a structure similar to the routing component shown 
in Fig. 3. The optical signals are converted to desired 
wavelengths by wavelength converters 44 connected to 
the output side of the optical-space switch 43. and are 30 
combined by the optical couplers 45. Accordingly, there 
is sult)stantial latitude for forming a path between the 
reserve optical tiansmission lines k2 and connection 
links k4. 

Fig. 7 is an illustration of the routing component 1 35 
when link failure occurs in the working optical transmis- 
sion lines k1 in the first preferred embodiment Parts 
that are the same as tiiose in Fig. 3 are indicated by the 
same symbols. Only optical signals with wavelengths XI 
through X3 are indicated in Fig. 7. but a large number of 40 
optical signal wavelengths can undergo multiplexing. In 
Fig. 7, tiiere are three working optical transmission lines 
k1 (k1i through kla). there is one interface link kS. and 
there is one connection link k4. although k1 . k3, and k4 
can be multiple numbers as well. 45 

During normal operation, paths PI through P6, for 
exanple, are formed in the optical-space switch 13. 
Thus, optical signals a. b. and c with wavelengths XI 
through X3 are input from an electrical cross-connect 
device (not shown in figure) through the interface link so 
k3. and are transmitted via paths PI through P3 to the 
working optical transmission lines k1 ^ 

Optical signals with a wavelength XI in the input 
working optical transmission line kig is transmitted by a 
patii P4 to the output side, and is converted to wave- 55 
length X2 by the wavelength converter 1 4. Optical signal 
with a wavelength X3 in th input working optical trans- 
mission line kl2 is transmitted to the output port by path 
P5. and is converted to a wavelength XI by the wave- 



length converter 14. Optical signal with a wavelength XI 
in the input working optical transmission line kis is 
transmitted to the output port by path P6, and is con- 
verted to a wavelength X3 by th wavelength converter 
14. All the optical signals undergo multiplexing by the 
optical coupler 15 and are fansmitted to ttie output 
working optical transmission line kl3. 

When link failure occurs in the output working opti- 
cal transmission line k1^, paths PI through P3 in the 
optical-space mtch 13 are switched to paths PV 
tiirough P3' by a oomrol component (not shown in fig- 
ure). As a result, the interface link IO on the input port of 
the routing component 1 is connected to the output con- 
nection link 4. 

Rg. 8 is an illustration of the aforementioned Type A 
bypass component 2. This illustrates a case in which 
the bypass component 2 is constructed of an optical- 
space switch 21. This indicates a case of the rerouting 
mettiod in Fig. 2(b). As showvn in Fig. 7, paths PI 
through P3 were switched to pattis PI* through P3' by 
the optical-space switch 13 in the routing component 1. 
Thus, wavelength muttiplexed optical signals containing 
optical signals a, b, and c with wavelengths XI through 
X3 which have been transmitted to the connection link 
k4 are input to the optical-space switch 21 of the bypass 
component 2. As a result the path indicated by the solid 
path in ttie optical-space switch 21 is formed. That is, 
the connection link k4 is connected with the reserve 
optical transmission line k2 of the optical aoss-connect 
device III. 

When a path is formed in the optical-space switch 
21, the bypass component 2 of optical cross-connect 
device III connects the reserve optical transmission line 
k2 on tiie optical cross-connect device I side with the 
reserve optical transmission line k2 on the optical cross- 
connect device IV side. Accordingly, when link failure 
occurs in tiie working optical transmission lines 
between optical cross-connect devices 1 and IV, the opti- 
cal-space switch 21 of the bypass component 2 fomis a 
detour using the reserve optical transmission lines 
passing through the optical cross-connect device III to 
continuously transmit wavelengtti multiplexed optical 
signals. 

Rg. 9 is an illustration of tiie aforementioned Type B 
bypass component 2. This illustrates a case in which 
the bypass component 2 is constructed of optical cou- 
plers 31. optical filters 32. optical-space switches 33 
corresponding to wavelength, and optical couplers 34. 
This shows a case involving tiie rerouting method in Fig. 
2(c). 

In the routing component 1 of the optical cross-con- 
nect device I shown in Fig. 2(c). patiis PI ttirough P3 
are switched to pattis PV ttirough P3' by ttie optical- 
space switch 13 (see Rg. 7). Thus, in the bypass com- 
ponent 2, the connection link k4 and the reserve optical 
transmission lines k2 on the optical aoss-connect 
devices II and III sides are connected by tti optical- 
space switches 33 according to wavelengtti, as in ttie 
routes shown by the thick pattis in Fig: 9. 
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In the bypass component 2 of the opticaJ aoss-con- 
nect device II, the optical-space switches 33 are control- 
led wavelength, so that optical signals c with a 
wavelength X3 is transmitted to the reserve optical 
transmission line on the optical cross-connect device VI 
side. In the bypass component 2 of the optical aoss- 
connect device III. the optical-space switches 33 are 
controlled, so that optical signal a with a wavelength XI 
is transmitted to the resen/e optical transmission line on 
the optical cross-connect device VII side, and optical 
signals b with a wavelength ;u2 is transmitted to the 
reserve optical transmission line on the optical aoss- 
connect device V side. 

Fig. 10 is an Illustration of the aforementioned Type 
C bypass component 2. Parts that are the same as in 
Fig. 6 are indicated by the same symbols. This indicates 
a case of the rerouting method in Fig. 2(d). in this case, 
the optical signals a and b are transmitted to the reserve 
optical transmission lines on the optical cross-connect 
device III side, and the wavelengths are converted. The 
optical signal c is transmitted to the reserve optical 
transmission line on the optical cross-connect device II 
side, and the wavelengths are converted. 

That is, the routing component 1 in the optical 
cross-connect device I switches the working optical 
transmission line to tiie connection link k4 side when 
link failure occurs in the wortgng optical transmission 
line on the optical cross-connect device IV side. In the 
bypass component 2. the wavelength nrultiplexed sig- 
nals transmitted fbrni the connection link k4 is split by 
the optical coupler 41 and is filtered in the form of optical 
signals a, b. and c witii wavelengttis XI through X3 by 
the optical filters 42. Bypass component 2 then forms 
paths P21 and P22 In which ttie optical signals a and b 
with wavelengttis XI and X2 are transmitted by the opti- 
cal-space switch 43 to reserve optical transmission line 
k2 on ttie optical cross-connect device III side. The 
bypass conponent 2 forms a path P23 in which the opti- 
cal signal c witti a wavelength X3 is transmitted by the 
optical-space switch 43 as optical signal witii a wave- 
length XI to the reserve optical transmission line k2 on 
the optical cross-connect device II side. In the bypass 
component 2, the optical signal c witti a wavelengtti X3 
is converted by wavelengtti converters 44 to a wave- 
length of XI , and the optical signal c with a wavelength 
XI undergo multiplexing by ttie optical couplers 45 and 
is transmitted. 

Fig. 10 illustrates a case in which the ti^nsmission 
line for wavelengtti X3 among ttie reserve optical trans- 
mission lines k2 on the optical cross-connect device II 
side is in use, the transmission line for wavelengtti X1 is 
empty, and optical signal c is b&ng transmitted witti the 
use of the empty transmission line for wavelength XI. 
When only the transmission line for wavelength X2 is 
empty, the optical-space switch 43 forms a path in which 
optical signal c witti a wavelengtti X3 are converted to a 
wavelengtti X2 and transmitted. 

The bypass conrponent 2 of ttie optical cross-con- 
nect device II transmits ttie optical signal c with a wave- 



lengtti XI . which have been transmitted from the optical 
cross-connect device I through the reserve optical 
transmission line k2. to the reserve optical transmission 
line k2 on ttie optical cross-connect device VI side, with- 
5 out converting the wavelength of the signal. The bypass 
component 2 of ttie optical cross-connect device 111 sep- 
arates by wavelengtti ttie optical signals a and b witti 
wavelengths XI and X2 which have been transmitted 
from ttie optical cross-connect device I to the reserve 
70 optical transmission line k2. The bypass component 2 
ttien outputs the optical signal a witti a wavelength XI to 
the reserve optical transmission line k2 on ttie optical 
cross-connect device VII side, converts the wavelengttis 
X2 of signal b to a wavelength XI . and transmits the opti- 
15 cal signal b with a wavelengtti XI to the reserve optical 
ttansmission line k2 on the optical cross-connect device 
V side. The bypass component 2 ttius selects and con- 
nects output lines according to wavelengtti. 

Because Type A switches the working optical trans- 
20 mission lines k1 all at once to the reserve optical trans- 
mission lines k2. ttie structure and control are simple. In 
ttiis case, the reserve optk^al transmission lines k2 must 
be empty. Type B selects output lines according to 
wavelength among the working optical transmission 
25 lines k1. Type B accordingly can detour and transmit 
optical signals in ttie working optical transmission lines 
k1 according to ttie empty state of ttie reserve optical 
ttansmission lines k2. Type C utilizes empty wave- 
lengttis in the reserve optical transmission lines k2. In 
30 Type C. the wavelength of ttie optical signals detoured 
and transmitted to the empty wavelengths must be con- 
verted. Type C must accordingly conf ol ttie selection of 
the empty wavelengttis, and is suitatile for VWP net- 
works. Type C allows a system witti the greatest latitude 
35 to be devised. 

Fig. 1 1 is a comparison of ttie structures of the first 
preferred embodiment of the present invention. In ttie 
figure. Types A, B, and C of ttie first prefen-ed embodi- 
ment of the present invention are compared with a con- 
<o varrtional technique. The conparison is made in terms 
of ttie number of 2 x 2 optical switches constituting ttie 
optical-space switch, ttie number of wavelength con- 
verters, and the number of optical filters. 

A shows the nunft>er of ttie optical fitters, ttie wave- 
45 lengtti converters, the 2 x 2 optical switches (constitut- 
ing the optical-space switch) in terms of equations using 
as constants n. m. i. and j. respectively, and the number 
k1 of working optical transmission lines, the number k2 
of reserve optical transmission lines, the number k3 of 
so interlace links, and the number k4 of connection links. 
For B. n=m=i=j=4 . When there are 4 working opti- 
cal ttansmission lines, single link failure can be resolved 
with one connection link k4. In this case. 1296 optical 
switches are needed to constitjte ttie optical-space 
55 smtch in the conventional technology. In the present 
invention, however, the routing component has 576 opti- 
cal switches, and the bypass component has 25 optical 
switches in Type A. 100 switches in Type B. and 400 
switches in Type C. 
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C is a case in which n=rnf^l=:j=8 , and kUS. k2=8. 
k3-2. and k4=2. When there are 8 working optical trans- 
mission lines k1 . twice as many as in B, there are 2 con- 
nection links, also twice as many as in B. That is, when 
there is doutHe link failure in the 8 working optical trans- 5 
mission lines k1, this situation can be resolved by the 
structure of C. 20736 opticai switches would be needed 
in the conventional technology for similar cases. In the 
present invention, however, the routing component has 
9216 optical switches, and by bypass component has w 
100 optical switches in Type A. 800 In Type B. and 6400 
in Type C. 

The first emtxxjiment of the present invention and 
the conventional technology are compared in terms of 
the required numt)er of optical switches. In Types A and is 
B of the present Invention, the number is about 44 to 
52% lower, while it Is about 75% lower in Type C. The 
necessary number of optical filters and wavelength con- 
verters in the present invention is about 20% more than 
in the conventional technique, but the hardware size of 20 
the optical aoss-connect device in the present Invention 
can be made smaller than that in the conventional tech- 
nology 

gewnd gnftKtfiment 2s 

Fig. 12 is an illustration of a second prefen^ed 
embodiment of the present invention. OXC indicates an 
optical cross-connect device. 51 Indicates a routing 
component, 52 indicates a bypass component, 53 Indi- 30 
cates an electrical cross-connect device (EXC), 54 indi- 
cates a first optical-space switch, 55 indicates a second 
optical-space switch, k1 indicates working optical trans- 
mission lines. k2 indicates reserve optical transmission 
lines. k3 indicates interface links with the electrical 35 
cross-connect device 53, k4 indicates connection links 
connecting the routing component 51 with the output 
port of the first optical-space switch 54 of the bypass 
conrponent 52 and with the input port of the second 
optical-space avrtch 55. and kS indicates bypass links 40 
connecting the first optical-space switch 54 and the sec- 
ond optical-space switch 55. 

The routing component 51 and the electrical cross- 
connect device 53 have a structure similar to that in the 
first preferred emtxxJiment desaibed above. Link failure 4S 
does not normally occur simultaneously in all of the 
working optical transmission lines k1. There may 
accordingly be fewer numt>ers of reserve optical trans- 
mission lines k2, connection links k4, and bypass links 
k5. The structure of the bypass component 52 is thus so 
simpler. 

Fig. 13 is an illustration of a path rerouting method. 
This figure indicates a structure conresponding to that in 
Fig. 2, and illustrates optical aoss-connect devices I 
through VII. Fig. 13(a) is an illustration of normal opera- ss 
tion, while Figs. 13(b) through (d) are of cases in which 
link failure has occurred. The solid lines connecting the 
optical cross-connect device I through VI 1 indicate work- 
ing optical transmission lines, while the dotted lines indi- 



cate reserve optical transmission lines. Fig. 13 shows 
cases in whk:h optical signals a. b. and c with wave- 
lengths XI, X2, and X3 are transmitted from the optical 
aoss-connect device I to optical cross-connect devices 
VII, V, and VI. respectively 

Fig. 13(a) illustrates a case in a WP or VWP net- 
work. Optical signal c with a wavelength X3, which are 
transmitted from the optical crossHX)nnect device I 
through the optical cross-connect device IV to the opti- 
cal aoss-connect device VI along the working optical 
transmission line indicated by the solid line arrow. Opti- 
cal signals a and b with wavelengths XI and X2. which 
are transmitted from optical aoss-connect 6&Ace I 
through optical cross-connect device IV to optical cross- 
connect device VII along the working optical transmis- 
sion line indicated by the solid line an'ow. Optical signal 
b with a wavelength X2 is transmitted through optical 
aoss-connect device VII to optical aoss-connect 
device V along the working optical transmission line 
indicated by the solid line arrow. 

In the case depicted, wavelengths are converted in 
a VWP network. In the optical cross-connect device IV. 
for example, optical signals a, b, and c are converted 
from X3 to Xi, XI to Xk, and X 2 to Xh, and transmitted. In 
the optical cross-connect device VII. optical signal b Is 
converted from wavelength X2 to Xj and transmitted. 

When link failure has occurred in the working opti- 
cal ti^nsmission line between optical aoss-connect 
devices I and iV. the present Invention allows any of the 
port rerouting shown in Rgs. 13(b), (c). or (d). In the 
same manner as in the case depicted in Fig. 2 above, 
the method illustrated in Fig. 13(b) is Type A. that in Rg. 
13(c) is Type B. and that In Fig. 13(d) is Type C, which 
are desaibed below. 

Type A shown in Fig. 13(b) is suitable for WP or 
VWP networks. Type A utilizes reserve optical transmis- 
sion lines that pass through tfie optical cross-connect 
device III. That is. tiie optical cross-connect device I 
controls the routing component 51 and k)ypass compo- 
nent 52 (see Fig. 12), and the wavelengtii multiplexed 
optical signals transmitted to tiie working optical trans- 
mission line where link failure has occurred are 
avitched through tiie connection link k4 to the reserve 
optical transmission line k2 and transmitted. In the opti- 
cal aoss-connect device III connected via reserve opti- 
cal transmission lines k2. ttie resen^e optical 
transmission lines k2 connected with tiie optical cross- 
connect device I and tiie reserve optical transmission 
lines k2 connected with the optical aoss-connect 
device IV are connected via the bypass links k5 of the 
bypass component 52 (see Fig. 12) [to transmit] the 
wavelength multiplexed optical signals. Or. the wave- 
length multiplexed optical signals are ti-ansmitted in tiie 
optical aoss-connect device III from the reserve optical 
tiBnsmission line k2 through the working optical trans- 
mission line k1 by the following route: from the reserve 
optical transmission line k2 to the bypass component 52 
optical-spac switch 54 to the connection link k4 to the 
routing conponent 51 to the woridhg optical transmis- 
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sion line k1. Accordingly, wavelength multiplexed optical 
signals involving the multiplexing of optical signals a, b, 
and c with wavelengths XI. ;i2, and ;i3 are transmitted 
along the route indicated by the broken line arrow via a 
detour through the optical cross-connect device III. 5 

Type B shown in (c) is suitable for a WP or VWP 
network in the same manner as Type A. Type B is of a 
case provided with a function capable of separation 
according to wavelength. When link failure occurs in the 
working optical transmission lines k1 between the opti- 10 
cal aoss-connect devk;es I and IV, the optical aoss- 
connect device I separates the signals aocordng to 
wavelength. Thus, optical signals a and b with wave- 
lengths A,1 and A2 are transmitted to reserve optical 
transmission lines k2 cm the optical cross-connect is 
device III side, and optical signal c with a wavelength X3 
is transmitted to reserve optical transmission lines k2 on 
the optical cross-connect device It stie. Thus, optical 
cross-connect device III transmits optical signal a with a 
wavelength XI to the resen/e optical transmission lines 20 
k2 on the optical cross-connect device VII side. The 
optical cross-connect device III also transmits optical 
signal b with a wavelength X2 to the r^erve optical 
transmission lines k2 on the optical cross-connect 
device V side. The optical aoss-connect device II trans- 25 
mits optical signal c with a wavelength X3 to the reserve 
optical transmission lines k2 on the optical aoss-con- 
nect device VI side. The optical signals a. b, and c thus 
are trar^mltted to the desired node through reserve 
optical transmission lines k2 in the form of wavelengths 30 
A,1 , X2. and X3, respectively. 

Type C shown in (d) is suitable fa VWP networks 
equipped with a wavelength conversion function. When 
link failure occurs in a working optical transmission line 
k1 between optical aoss-connect devices I and IV. the ss 
optical cross-connect device I transmits optical signals 
a and b with wavelengths XI and X2 to reserve optical 
transmission lines k2 on ttie optical aoss-connect 
device III side, and transmits optical signals c with a 
wavelength X3 to reserve optical transmission lines k2 4o 
on the optical aoss-connect device II side. When wave- 
length X3 is not empty on reserve optical transmission 
lines connected to the optical cross-connect device II 
side , the optical cross-connect device I converts optical 
signal c with a wavelengtii X3 to wavelength X1 and 45 
transmits it to reserve optical transmission lines k2 on 
the optical aoss-connect device II side. The optical 
cross-connect device III transmits optical signal a with a 
wavelength XI to reserve optical transmission lines k2 
on the optical aoss-connect device VII side, and trans- so 
mits optical signal b with a wavelengtii X2 to the reserve 
optical transmission lines k2 on tiie optical aoss-con- 
nect device V side. When wavelength X2 is not empty on 
the optical aoss-connect device V side at this time, the 
optical cross-connect device III converts optical signal b 55 
with a wavelength X2 to wavelength XI and transmits it 
to the reserve optical transmission lines k2 on the opti- 
cal cross-connect device V side. Th optical aoss-con- 
nect devices thus utilize empty wavelengttis In the 



reserve optical transmission lines to form detours. 

Rg. 1 4 is an illustration of the routing component 51 
for a WP network. 61 indicates optical couplers, 62 indi- 
cates optical fitters. 63 Indicates optical-spac switches, 
and 64 indicates optical couplers. The connection links 
k4. waking optical transmission lines k1, and interface 
links k3 are connected to routing component. The Input 
and output skies are indicated as (k4 + k1 + k3}. 

W^elength multq3lexed optical signals with wave- 
lengths XI through Xn are split by tiie optical couplers 
61. The optical signals are then selected according to 
wavelength by the optical filters 62 into wavelengths XI 
through Xn. The optical-space switch 63 switches output 
ports of each wavelength signal. The optical signals 
from tiie optical space switches are input to the optical 
couplers 64, where they are combined and transmitted 
as wavelengtii multiplexed optical signals. 

Fig. 15 is an llli^tration of the routing component 51 
for a VWP network. 71 indicates optical couplers, 72 
Indicates optical filters, 73 indicates an optical-space 
switch, 74 indicates wavelengtii converters, and 75 indi- 
cates optical couplers. In contrast to tiie routing compo- 
nent 1 in Fig. 14, wavelength converters 74 are provided 
before the optical couplers 75 on the output port. The 
wavelength converters 74 convert wavelengths, so that 
optical signals of the same wavelength are transmitted 
to the same output line. 

Rg. 16 is an Illustration of a Type A bypass compo- 
nent 52. 54 indicates a first optical-space switch, and 55 
indicates a second optical-space switoh. The first opti- 
cal-space switoh 54 and second optical-space switch 55 
are connected to reserve optical transmission lines k2 in 
tiie same manner as shown in Fig. 12. The first optical- 
space switch 54 and second optical-space switch 55 are 
connected via bypass links k5. The output port of tiie 
first optical-space switch 54 and the input port of the 
routing component 51 , and tiie input port of the second 
optical-space switch 55 and the output port of the rout- 
ing component 51, are connected via the connection 
links k4. This Type A bypass component 52 connects 
the reserve optical transmission lines k2 with tiie 
bypass links kS. in a wavelength multiplexed optical sig- 
nal state. This Type A bypass component 52 also con- 
nects the reserve optical transmission lines k2 with tiie 
connection links k4. In this case, the connection links k4 
and bypass links k5. as described above, are fewer in 
number tiian the reserve optical transmission lines k2. 

Rg. 1 7 is an illustration of a Type B bypass compo- 
nent 52. 81 indicates optical couplers. 82 indicates opti- 
cal filters, 83 indicates first optical-space switches, 84 
and 85 indicate optical couplers. 86 Indicates optical fO- 
ters. 87 Indicates second optical-space switches, and 
88 indicates optical couplers. The wavelength multi- 
plexed optical signals transmitted ttirough the resen/e 
optical transmission lines k2 are split by the optical cou- 
plers 81 . The optical signals are tiien divided according 
to wavelengttis XI ttirough Xn by ttie optical fitters 82. 
The optical signals are switched by ttie first optical- 
space switches 83 according to wavelengtti. and are 
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combined by the optical couplers 84. The combined 
wavelength muftiplexed optical signals are then trans- 
mitted through the bypass links kS to the optical cou- 
plers 85 and through the connection links k4 to the 
routing component 51 . 5 

The wavelength multiplexed optical signals trans- 
mitted through the bypass links K5 are split by the opti- 
cal couplers 85. The wavelength multiplexed optical 
signals transmitted through the connection links k4 are 
divided by optical couplers 85. The wavelength multi- io 
plexed optical signals are then separated by the optical 
filters 86 according to wavelengths X^ through Xn. The 
optical signal are switched by the second optical-space 
switches 87 according to wavelength, and are combined 
by the optical couplers 88. The combined wavelength is 
multiplexed optical signals are transmitted to the 
reserve optical transmission lines k2. 

Fig. 18 is an illustration of a Type C bypass oonrpo- 
nent 52. 91 indicates optical couplers. 92 indicates opti- 
cal filters. 93 indicates a first optical-space switch. 94 20 
indicates wavelength converters. 95 and 96 indicate 
optical couplers, 97 indicated optical filters. 98 indicates 
a second optical-space switch, 99 indicates wavelength 
converters, and 100 indicates optical couplers. This 
Type C bypass component 52 corresponds to the struc- 25 
ture of the Type B bypass component 52 shown in Fig. 
1 7. but is equipped with wavelength converters between 
the optical couplers and the first and second optical- 
space switches. This Type C bypass component 52 
allows the routing component 51 or reserve optical 30 
transmission lines k2 to be selected according to wave- 
length, and allows wavelengths to be converted by the 
wavelength converters 94 and 99 so that optical signals 
of the same wavelength are prevented from undergoing 
multiplexing. 3s 

Fig. 19 is an illustration of the path rerouting of the 
routing component 51 in a WP network. Parts that are 
the same as those in Fig. 14 are indicated by the same 
symbols. When optical signals WP1 through WP3 with 
wavelengths A.1 through X3 are added from an electrical 40 
cross-connect device through the interface links k3 to 
the routing component 51, the optical-space switch 63 
forms a path on the working optical transmission line k1 
side according to wavelength. When link failure occurs 
in the working optical transmission line k1. the optical- 45 
space switch 63 is switched and controlled. That is. a 
path is formed, as indicated by the thick path, to the 
bypass component 52, connecting the connection link 
k4 to the reserve optical transmission line k2. 

Fig. 20 is an illustration of the path rerouting in the so 
routing component 51 for a VWP network. Parts that are 
the same as those in Fig. 15 are indicated by the same 
symbols. As described above, when link failure occurs 
in the working optical transmission line k1, the optical- 
space switch 73 is switched and controlled so that, as ss 
shown in the figure, a path is formed between the inter- 
face link k3 and the connection link k4. In this case, the 
wavelength converters 74 do not have to convert the 
wavelengths X^ through X3. However, when optical sig- 



nals of the same wavelength are in a multiplexed stat 
on the connection link k4 side, the wavelength convert- 
ers 74 convert wavelengths so that the wavelengths are 
different. 

Fig. 21 ^ an illustration of path rerouting in the Type 
A bypass component 52. This bypass conrtponent 52 is 
composed of first and second optical-space switches 54 
and 55. Fig. 21 illustrates a case in which optical signals 
WP1 through WPS with wavelengths XI through X3 are 
transmitted from the routing component 51 shown in 
Fig. 19 through the connection links k4 to the optical- 
space switch 55, and are transmitted to the reserve opti- 
cal transmission lines k2 in a wavelength multiplexed 
optical signal state. Accordingly, as shown in Rg. 13(b), 
when link failure occurs between the optical cross-con- 
nect devices I and IV. wavelength multiplexed optical 
signals with wavelengths A.1 through X3 are transmitted 
through the bypass component 52 to the reserve optical 
transmission lines k2. 

Rg. 22 is an illustration of the path rerouting in a 
Type B bypass component 52. Ill Indicates optical 
couplers, 112 indicates optical filters, 113 indicates first 
optical-space switches, 114 and 115 indicate optical 
couplers, 1 1 6 indicates optical filters. 1 1 7 indicates sec- 
ond optical-space switches, and 118 indicates optical 
couplers. This structure corresponds to that of the 
bypass component 52 shown in Fig. 17. In this Type B 
bypass component, optical signals WP1 through WPS 
with wavelengths XI through XS are transmitted from 
the routing component 51 through the connection links 
k4 and are split by the optical couplers 1 1 5, in the same 
manner as tiie case depicted in Fig. 21. They are then 
separated according to wavelengtii by the optical filters 
116. Output paths are selected by the optical-space 
switches 117. For example, optical signals WP1 and 
WP2 with wavelengtiis XI and )<2 are combined by the 
optical couplers 118 and are transmitted to the same 
reserve optical transmission lines k2. Optical signal 
WPS with a wavelength X3 is transmitted to other 
reserve optical transmission lines k2. There routes are 
shown by the thick line. 

Rg. 23 is an illustiBtion of the path rerouting in a 
Type C bypass component 52. 121 indicates optical 
couplers, 122 indicates optical fitters, 123 indicates a 
first optical-space switch, 124 indicates wavelength 
converters, 125 and 126 indicate optical couplers, 127 
indicates optical filters. 128 indicates a second optical- 
space switch, 129 indicates a wavelength converter, 
and 130 indicates optical couplers. This structure conre- 
sponds to that of the bypass component shown in Fig. 
18. In this Type C bypass conponent. in the same man- 
ner as shown in Fig. 21. optical signals WP1 through 
WPS with wavelengths XI through XS are transmitted 
from the routing componait through the connection 
links k4 and are split by the optical couplers 126. They 
are then separated according to wavelength by the opti- 
cal filters 127. Output ports are then selected by the 
optical-space switch 128. For example, optical signals 
WP1 through WPS with wavelengths XI through XS are 
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transmitted from the routing component 51 through the 
cx)nnection links k4 and are split by the optical couplers 
126, in the same manner as the case depicted in Rg. 
21 . They are then separated according to wavelength by 
the optical fitters 116. Output ports are selected by the 5 
optical-space switches 128. For example, optical sig- 
nals WP1 and WP2 with wavelengths XI and A2 are 
combined by the optical couplers 130 arvl are transmit- 
ted to the same reserve optical transmission lines k2. 
Optical signal WP3 witii a wavelengtii X3 is transmitted 10 
to other reserve optical transmission lines k2. There 
routes are shown by the thick line. The wavelength con- 
verters 129 convert wavelengtiis so that the wave- 
lengths are different when optical signals ending up with 
the same wavelength are transmitted to the reserve 15 
optical transmission lines k2. 

The path rerouting metixxl shown in Type C of Rg. 
13 thus allows link failure In the working optical trans- 
mission lines k1 to be resolved as indicated below. That 
is. from the optical cross-connect device I to the optical 20 
cross-connect device II side, wavelength X3 is con- 
verted to wavelength XI . and the signals are transmitted 
to tiie reserve transmission lines k2. Wavelengths XI 
and X2 are transmitted without wavelength conversion 
to the optical cross-connect device III side. In optical 25 
cross-connect device III. wavelength X2 is converted to 
wavelength XI and is transmitted to the optical cross- 
connect device V side. Wavelength XI is transmitted 
without wavelength conversion to the optical cross-con- 
nect device VII side. 30 

Rgs. 24 and 25 are comparisons of the structure of 
the second preferred embodimerrt. In the figures, a con- 
ventional structure for WP and VWP networks Is conrv 
pared with the structure of the present invention,, 
conprising the routing component and Type A. B. and 0 35 
bypass components for WP and VWP networks. In A. 
the comparisons are indicated in terms of equations 
using ttie nunrtber of optical filters, wavelength convert- 
ers, and 2 X 2 optical switches based on wavelength n. 
number k1 of working optical transmission lines, 40 
number k2 of reserve optical transmission lines, nunrtjer 
k3 of interface links, number k4 of connection links, and 
the number k5 of bypass links. From B to E show the 
results of comparisons made under conditions in which 
the equation constants were altered. For exanrple. 45 
when n=4. k1=4, k2=4, k3=2, k4=1. and k5=:1, Type B 
fa WP networks in the present invention and conven- 
tional WP networks are compared, as shown in B. That 
is. 40 optical fitters are needed in a conventional tech- 
nique, whereas 28 in routing component and 24 in so 
bypass component were used in the present invention, 
for a total of 52. which was 12 more. However. 400 opti- 
cal switches were needed in the conventional tech- 
nique, whereas a total of 260 in routing component and 
bypass component were used In the present invention, 55 
65% lower than the conventional technique. 

Type C for VWP networks in the present invention 
and a conventional VWP network were then compared. 
That Is. the conventional technique required 40 optical 



fnters. 40 wavelength converters, and 1600 optical 
switches. The total of routing components and bypass 
components in the present invention included 52 optical 
filters. 52 wavelengtti converters, and 1040 optical 
awtches. There were accordingly 12 more optical filters 
and 12 mae wavelength converters ttian in the conven- 
tional technique, but 560 less optical switches. Since 
these expensive optical switches were reduced to 65%. 
ttite option was more economical. 

C shows a case where n=4, k1=8, k2=8, k3=4, 
k4=2, and k5=2. When there are 8 working optical trans- 
mission lines, twice as many as in B, the number of con- 
nection links, which was now 2. also doubled. Type B for 
WP networks in the present invention was then com- 
pared with a conventional WP network. That is, the con- 
ventional example required 80 optical filters and 1600 
optical switches, whereas the total of routing corrpo- 
nents and bypass conponents in tiie present invention 
involved 104 optical fiHers and 1040 optical switches. 
The present invention tinus had 24 more optical filters 
ttnan the conventional example, but 560 fewer optical 
switches. 

Type C for VWP networks in the present invention 
was compared with a conventional VWP network. That 
is. the conventional technique required 80 optical filters, 
80 wavelength converters, and 6400 optical switches, 
whereas the total of routing conrponents arxl t>ypass 
components in the present invention involved 104 opti- 
cal fitters. 104 wavelength converters, and 4160 optical 
switches. There were thus 24 more optical fitters and 24 
more wavelength converters tiian in the conventional 
technique, but 2240 fewer optical switches. 

D shows a case where n=8, k1=8. k2=8. k3=4. 
k4=i2, and k5=2. Type B for WP networks in the present 
invention was compared witti a conventional WP net- 
work. That is, the conventional technique required 160 
optical fitters and 3200 optical switches, whereas the 
total of routing components and bypass components in 
the present invention involved 208 optical filters and 
2080 optical switches. There were thus 48 more optical 
filters ttmn in the conventional technique, but 1120 
fewer optical switches. 

Type C tor VWP networks in the present invention 
was compared with a conventional VWP network. That 
is. the conventional technique required 160 optical fil- 
ters, 160 wavelength converters, and 25600 optical 
switches, whereas the total of routing components and 
bypass conrponents in ttie present invention involved 
208 optical filters, 208 wavelength converters, and 
16640 optical switches. There were thus 48 more opti- 
cal filters and 48 more wavelength converters than in 
ttie conventional technique, but 8960 fewer optical 
switches. 

E shows a case where ns8. k1ei6, k2oi6. k3=8. 
k4=4. and k5=4. Type B for WP networks in ttie present 
invention was compared with a conventional WP net- 
work. That is. the conventional technique required 320 
optical filters and 12800 optical switches, whereas ttie 
total of routing corfpdhents and byp^ conrponents in 
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the present invention involved 416 optical filters and 
8320 optical switches. Ther were thus 96 more optical 
filters than in the conventional technique, txit 4480 
fewer optical switches. 

Type C for VWP networks in the present invention s 
was conpared with a conventional VWP network. That 
is. the conventional technique required 320 optical fil- 
ters. 320 wavelength converters, and 102400 optical 
switches, whereas the total of routing components and 
bypass components in the present invention involved io 
416 optical fitters, 416 wavelength converters, and 
66560 optical switches. There were thus 36 nfK>re opti- 
cal filters and 96 more wavelength converters than in 
the conventional technique, but 35840 fewer optical 
switches. 75 

As described above, the number of optical filters 
and wavelength converters is greater than in the con- 
ventional technology, but the nun^er of expensive opti- 
cal switches can be reduced to 65%. allowing the cost 
of optical cross<x)nnect devices to be reduced, and 20 
also allowing them to be miniaturized. 

The present invention is not limited only to the pre- 
fen-ed embodiments described above. Various addi- 
tional modifications can be made. For example, 
dielectric film filters, grating type filters. Fabry-Perot f il- 2S 
ters, acousto-optic filters, semiconductor filters, and the 
like can be used as the optical filter for separation 
according to wavelengths XI through Xn. 

Examples of wavelength converters which can be 
used include: a) semiconductor structures laser based 30 
which can tune wavelengths without optical to electrical 
signal by controlling the incoming electrical cun^ent; b) 
structures using a optical to electrical converter and an 
electrical to optical converter based on direct modula- 
tion of a tunable wavelength semiconductor laser which 35 
can tune wavelengths by controlling the current; and c) 
structures based on an external nxxiulation method 
using an optical to electrical converter, a wavelength 
variable semiconductor laser which can tune wave- 
lengths by controlling the current, and a LiNbOs optical 40 
modulator. 

Examples of optical switches which can be used 
include structures comprising electrodes and 
waveguides on a dielectric substrate such as UNbOa, 
structures based on semiconductor elements such as 45 
GaAs and InP and silica-based waveguide structure. 

As this invention may be embodied in several forms 
without departing from the spirit of essential character- 
istics thereof, the present embodiment is therefore illus- 
trative and not restrictive, since the scope of the so 
invention is defined by the appended claims rather than 
by the descrq3tion pending them, and all changes that 
fall within meets and bounds of the claims, or equiva- 
lence of such meets and bounds are therefore intended 
by the claims. 55 

Claims 

1. A aoss-connect device, which is connected to 



working transmission lines and reserve transmis- 
sion lines, and which is used to switch signals from 
the input transmission lines to the output transmis- 
sion lines, comprising: 

a bypass component, which is connected to the 
reserve transmission lines and is used to 
switch the signals from the input reserve trans- 
mission lines and first links to the output 
reserve transmission lines and second links; 
and 

a routing component, which is connected to the 
working transmission lines and is used to 
switch the signals from the input working trans- 
mission lines and the second links to the output 
working transmission lines and the first links. 

2. An optical aoss-connect device, which is con- 
nected to reserve optical transmission lines and 
working optical transmission lines, and which is 
used to switch wavelength multiplexed optical sig- 
nals, comprising: 

a bypass component, which is connected to the 
reserve optical transmission lines and includes 
at least a optical-space switch; 
a routing component, which is connected to the 
working optical transmission lines and includes 
at least a optical-space switch; and 
connection links that are connected t>etween 
the bypass component and the routing compo- 
nent 

3. An optical cross-connect device according to Claim 
2, wherein 

said routing component is connected to the 
working optical transmission line, and the connec- 
tion links, and is used to route the wavelength mul- 
tiplexed optical signals. 

4. An optical cross-connect device according to Claim 
2. wherein said routing component comprises: 

optical couplers for splitting the wavelength 

multiplexed optical signals; 

optical fOters for separating the wavelength 

multiplexed optical signals which are splitted by 

the first optical couplers; 

a optical-space mtch. in which switch each 

optical signal from the optical fOters to the 

desired output port; 

wavelength converters for converting the wave- 
length of output optical signals from the optical- 
space switch; and 

optical couplers in which the output optical sig- 
nals from the wavelength converters are com- 
bined to produce the wavelength multiplexed 
optical signals. 
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5. An optical cross-connect device sccording to Claim 
2, wherein satd bypass conrponent is connected 
between the input and output ports of the reserve 
optical transmission lines; and 

said connection links are such that the out- 5 
put port of the bypass component is connected to 
the input port of the routing component, and the 
output port of the routing component is connected 
to the input port of the bypass component. 

10 

6. An optical cross-connect device according to Claim 
2, wherein said bypass component comprises: 

first optical couplers for splitting wavelength 
multiplexed optical signals; 15 
optical filters for separating the wavelength 
multiplexed optical signals which are splrtted by 
tiie first optical couplers; 
an optical-space switches for routing output 
signals from the optical fitters; and 20 
optical couplers for producing the wavelength 
multiplexed optical signals from the output opti- 
cal signals from the optical-space switch, 

wherein the bypass component is connected 25 
between the input and output ports of tiie reserve 
optical transmission lines, and the connection links 
are such tiiat the output port of the bypass conrpo- 
nent is connected to the input port of the routing 
component, and the output port of the routing com- 30 
ponent is connected to the input port of tiie bypass 
component. 

7. An optical cross-connect device according to Claim 

2, wherein said bypass component comprises: 35 

first optical couplers for splitting wavelength 
multiplexed optical signals; 
optical fitters for separating the wavelength 
multiplexed optical signals which are splitted by 40 
the first optical couplers; 
an optical-space switch for routing output sig- 
nals from tiie optical fitters; 
wavelength converters for converting the wave- 
lengtii of output signals from the optical-space 45 
switch; and 

second optical couplers for producing the 
wavelength multiplexed optical signals by com- 
bining the output optical signals from tiie wave- 
lengtti converters, 50 

wherein the bypass component is connected 
between the Input and output ports of tiie reserve 
optical transmission lines, and the connection links 
are such that the output port of the bypass compo- 55 
nent is connected to the Input port of the routing 
component, arxJ the output port of the routing com- 
ponent is connected to the input port of ttie bypass 
component. 



8. An optical cross-connect device according to Claim 
2, wherein said bypass component comprises: 

a first optical-space switch connected to the 
reserve optical transmission lines on the input 
port; 

a second optical-space switch connected to the 
reserve optical transmission lines on the output 
port; 

bypass links connected between the output 
port of the first optical-space switch and the 
input port of the second optical-space switch; 
and 

connection links, which are connected between 
the output port of the first optical-space switch 
and the input port of the routing component, 
and between the input port of the second opti- 
cal-space switch and the output port of the 
routing component. 

9. An optical cross-connect device according to Claim 
2, wherein said bypass component comprises: 

first optical couplers for splitting wavelength 
multiplexed optical signals; 
first optical fitters for separating the wavelength 
multiplexed optical signals which are splitted by 
the first optical couplers; 
a first optical-space switch to which optical sig- 
nals separated according to the wavelength by 
the first cptical f Dters are input: 
second optical couplers for combining the out- 
put signals from tiie first optical-space switch 
for transmission to the bypass links and con- 
nection links: 

third optical couplers for splitting the wave- 
length multiplexed optical signals tiiat have 
been input tiirough the bypass links and tiie 
wavelength multiplexed optical signals that 
have been input through the connection links; 
second optical filters for separating the wave- 
length multiplexed optical signals which are 
splitted by ttie third optical couplers; 
a second optical-space switch to which optical 
signals filtered out according to the wavelength 
by the second optical filters are input; and 
fourth optical couplers for combining the output 
signals from the second optical-space switch 
for transmission to the reserve optical transmis- 
sion lines. 

1 0. An optical cross-connect device according to Claim 
8, wherein said bypass component conprises: 

wavelength converters connected to the output 
port of the first optical-spac switch; and 
wavelengtti converters connected to the output 
port of the second optical-space switch. 
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1 1 . An optical cross-connect device according to Claim 
2. wherein said routing component is connected, on 
the input port, with working optical transmission 
lines and the connection links to the bypass compo- 
nent and comprises: 5 

first optical couplers for separating the wave- 
length multiplexed optical signals; 
optical filters for filtering according to wave- 
length the wavelength multiplexed optical sig- io 
nals which are splitted by the first optical 
coiplers; 

an optical -space switch for switching each opti- 
cal signal from the first optical fitters to the 
desired output port; is 
wavelength converters for converting the wave- 
lengths of output signals from the optical-space 
switch; and 

second optical couplers for combining the out- 
put optical signals from the wavelength con- 20 
verters to produce the wavelength multiplexed 
optical signals; and 



said bypass component comprises: 



2S 



a first optical-space switch connected to the 
reserve optical transmission lines on the input 
port; 

a second optical-space switch connected to the 
reserve optical transmission lines on the output 30 
port; 

k>ypass links connected between the output 
port of the first optical-space switch and the 
input port of the second optical-space switch; 
and 35 
connection links, which are connected between 
the output port of the first optical-space switch 
and the input port of the routing component 
and between the Input port of the second opti- 
cal-space switch and the output port of the 40 
routing conponent. 
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